Aluminum (AI) activated root malate and citrate exudation play an important role in AI tolerance in many plant species.
AtMATE shares the highest sequence identity with SbMATE
In Arabidopsis, the MATE family contains at least 56 members, which can be further classified into several clusters based on sequence similarity (Li et ai , 2002; Rogers and Guerinot, 2002) . AtMATE is the Arabidopsis MATE family member with the highest sequence similarity to SbMATE, the recently cloned sorghum Al tolerance gene ( Magalhaes et ai , 2007) (Figure 1 ). The AtFRD3 clade contains 4 members, including AtFRD3 (At3g08040), AtMATE (Atlg51340) , At2g38330 and At4g38380. ; ; ; ~~~~~~~~AtMATE(Atlg5J340) 
AtMATE is responsible for AI-activated root citrate exudation
In Arabidopsis, Al induces a high leveI of malate and lower levei of root citrate exudation (WT, Figure 3a , b).
The AtAlMTl knock-out line (AtAlMTI-KO) and the AtMATE-KO line lack Al-activated root malate and citrate exudation, respectively. The AtALMTl AtMATE double knock-out (double- KO) line lacks both Al-activated root malate and root citrate exudation. line displayed more AI sensitivity compared 10 the AtALMTl singIe mutant (Figure 4) . IOOr-------~~~9 The (b) Aluminum tolerance as measured by percentage of relative net root growth (% RNRG = rool growth in AI / control root growth x 100) in wild type and the three knock-out lines
